Summary. The differentiation of two types of T-lymphocyte accessory cells, i. e., interdigitating reticulum cells and Langerhans cells, was studied immunocytochemically and ultrastructurally on cutaneous lesions from patients with mycosis fungoides, a neoplasm of mature T-lymphocytes. In such a condition the lymphoid infiltrate creates, adjacent to the epidermis, a microenvironment in the dermis similar to that of T-cell areas of lymphoid organs. Immunocytochemistry revealed that CD11c+ CD1a-putative monocytic cells co-exist with CD11c+ CD1a+ putative mature accessory cells. By electron microscopy, large numbers of interdigitating reticulum cells in the dermal infiltrate and Langerhans cells in the epidermis were found. Furthermore, monocytes were frequently observed, at times with cells showing intermediate features between monocytes and interdigitating reticulum cells on the one hand and Langerhans cells on the other. In the absence of proliferative phenomena of the above cells, it is conceivable that both interdigitating reticulum cells and Langerhans cells originate from locally migrated monocytes. A possible role of the local tissue microenvironment-namely the T-lymphoid microenvironment for interdigitating reticulum cells and the epidermal microenvironment for Langerhans cells-in inducing the differentiation of monocytes into the two kinds of accessory cells is proposed.
Interdigitating reticulum cells (IRCs), present in Tcell areas of secondary lymphoid organs (STEINMAN and WITMER, 1978, VELDMAN and KAISERLING, 1980) the thymus medulla (WoNG et al., 1982) , and Langerhans cells (LCs), located in stratified squamous epithelia (STINGL et al., 1978 (STINGL et al., , 1980 , constitute the main class of T-lymphocyte accessory cells. This term refers to cells capable of presenting antigens (SHEVACK and ROSENTHAL, 1973, DICKLER et al., 1980) , and are highly specialized for the antigenpresenting function (KLINKERT et al., 1982 , VAN V00RHIS et al., 1983 , BJERCKE et al., 1985 . IRCs and LCs share many characteristics.
Both cells express 5-100 protein (NAKAJIMA et al., 1982) as well as PD7/ 26 leukocyte-common and HLA-DR surface antigens. Furthermore, CD1a (T6) antigen, which is usually expressed on LCs, may also be found on IRCs (RALF-KIAER et al., 1984) . At the ultrastructural level, IRCs show an irregularly-shaped nucleus with small chromatin clumps and an abundant cytoplasm containing well-developed endoplasmic reticulum and Golgi apparatus. These cells are provided with characteristic elongated digitations tightly adherent to each other and neighbouring IRCs, as well as to T-lymphocytes (VELDMAN, 1970 , RAuSCH et al., 1977 , VELDMAN and KAISERLING, 1980 . LCs display a similar dendritic shape and organellular complement but have a lobated nucleus with dispersed chromatin and typical bodies, the Birbeck granules, which are considered to be specific morphological markers of these cells (BIRBECK et al., 1961) .
Although numerous studies have been performed indicating that both IRCs and LCs are components of the mononuclear phagocyte system and originate from bone marrow precursors (VEERMAN, 1974 , KATZ et al., 1979 , BARCLAY and MAYRHOFER, 1981 , DUIJVES-TIN and HOEFSMITH, 1981 , HOEFSMITH et al., 1982 , 362 D. BANI and B. GIANNOTTI: VOLC-PLATZER et al., 1984 , GOORDYAL and ISAACSON, 1985 , WOOD et al., 1985 , the exact nature of the actual precursor cell has yet to be determined. It has been suggested that IRCs might originate from monocytes (VEERMAN, 1974 , VON GAUDECKER and MUELLER-HERMELINK, 1979 , MUELLER-HERMELINK and KAISERLING, 1980 , and studies on the postnatal development of the lymph node paracortex have indicated monocyte-like cells in close contact with T-lymphocytes as possible precursors to IRCs (GROS-CURTH, 1980) . On the other hand, LCs, migrating from the epidermis to the skin-draining lymph nodes (RAUSCH et al., 1977 , BALFOUR et al., 1981 , HOEFSMITH et al., 1982 or histiocytic reticulum cells, which are the lymph node macrophages, (KAMPERDIJK et al., 1978) have also been proposed as being able to transform into IRCs.
Concerning the LCs, it has been suggested that they might originate from intraepidermally migrated dendritic dermal cells, which are usually located around blood capillaries in the upper dermis and show ultrastructural features quite similar to epidermal LCs, but are devoid of Birbeck granules in their cytoplasm (ROWDEN et al., 1979 , MURPHY et al., 1983 . However, previous studies performed on the skin of patients undergoing bone marrow transplantation have provided data suggesting that phagocytic macrophages might also be able to enter the epidermis and develop into LCs (MURPHY et al., 1986) . Recently, a subset of mononuclear cells has been isolated from peripheral and cord blood of healthy subjects and burn patients, which co-expressed CD1a antigen and antigens of the monocyte-macrophage lineages and showed ultrastructural features like monocytes. These cells have also been proposed as possible precursors to LCs (DEZUTTER-DAMBUYANT et al., 1986 , GOTHELF et al., 1988 .
In order to investigate the differentiative phenomena of T-lymphocyte accessory cells, we performed an immunocytochemical and ultrastructural study on cutaneous lesions of mycosis fungoides, a T-cell neoplasm in which the neoplastic lymphocytes main- tain for a long time the general appearance, im munologic phenotype and-probably-functional characteristics of their normal counterparts (KUNG et al., 1981) . Therefore, in this disease, adjacent to the epidermis, the lymphoid infiltrate forms a microenvironment in the dermis resembling that of Tdependent areas of lymphoid organs (Goos, 1976 , DRIJKONINGEN et al., 1987 .
Since IRCs in mycosis fungoides have been reported to populate the dermis together with lymphoid cells (Goos et al., 1976 , GODS, 1976 , VAN der LOO et al., 1979 , BANI and MORETTI, 1987 , BANI et al., 1988 and LCs have been observed to reach high numbers in the epidermis (MACKIE and TURBITT, 1982, DRIJ-KONINGEN et al., 1987) , it seems conceivable that a de-novo formation of these two types of accessory cell takes place. Hence mycosis fungoides appears to be an adequate model for studying the differentiation of IRCs and LCs. serum (Amersham, UK) for 30min and then with streptavidin-biotin-peroxidase complex (Amersham, UK) for 20min. Peroxidase activity was demonstrated with aminoethyl-carbazole and hydrogen peroxide. The sections were mounted without counterstaining. Normal human skin and lymph nodes were used as positive controls. Sections incubated without the primary antibodies or without any antibody were used as negative controls for the second polyclonal antibodies and for the peroxidase enzymatic reaction respectively.
Computer-aided cytophotometry A quantitative analysis was made by evaluating the total area of labeled cells on histological sections. Three consecutive sections were immunostained for CD11c antigen and the next 3 for CD1a antigen in each specimen. The entire assayed area averaged 3. 38 mm per specimen and comprised the epidermis and the upper dermis. The measurements were performed using an Apple JIGS personal computer interfaced by a Teleraster card (Pertel, Turin, Italy) to a CCTV television camera (Hitachi HV62E) applied to a light microscope with a 10x objective. The Teleraster card allows a digitized image into 64 grey levels to be achieved. The digitized images were visualized on a colour monitor at a final magnification of 520x.
The software was written by Dr. S. Bianchi in GS Basic and in TML Pascal languages, according to the suggestions of LOEBL (1985) . It allows for the transmission light to be standardized, considering the light emerging from a tissue-free area of the histological slide to be equivalent to 100% and assuming it to correspond to the value of the white level. The different grey levels were obviously expressed in lower percentage values (for details see also BANI SACCHI et al., 1986) . A fictitious colour was assigned to each of the grey levels. The program moreover permitted us to scan the image plane. Each digitized image underwent scanning after having deleted any colour assigned to all the grey levels different from that corresponding to the immunostaining reaction.
Electron microscopy Tissue fragments were fixed in 4% glutaraldehyde in 0.1M cacodylate buffer, pH 7.4, at 5C for 3h, followed by postfixation in 1% OSO4 in phosphate buffer, pH 7.4, at room temperature for 2h. The specimens were dehydrated in a graded acetone series, passed through propylene-oxide and embedded in Epon 812. Ultrathin sections were stained with uranyl-acetate and alkaline bismuth-subnitrate (RIvA, 1974 ) and examined with a Siemens Elmiskop 102 electron microscope at 80kV.
RESULTS
In the skin lesions of the patients with mycosis fungoides, immunocytochemistry revealed that numerous cells were present in both the dermal infiltrate and the epidermis showing positive labelling for either CD11c (Fig. 1) or CD1a (Fig. 2 ) surface antigens, which identify the cells of the monocyte-macrophage system and its LC/IRC subpopulations, respectively. CD11c-positive cells were found in higher amounts compared with CDIa-positive ones (Fig. 3) . Furthermore, CD11c-positive cells were usually present in all the epidermal layers, whereas CD1a-positive cells were almost always encountered in the upper spinous layers.
Both cells were especially frequent in the patches and early plaques, while they became increasingly scarce in advanced plaques and modules.
By electron microscopy, typical IRCs were found in high numbers in the dermis (Fig. 4) . These cells showed a roundish or slightly irregular nucleus with small clusters of chromatin and a fibrous lamina apposed to the inner face of the nuclear envelope. In the cytoplasm there were numerous cisternae of rough endoplasmic reticulum and, in most cases, several profiles of smooth endoplasmic reticulum and a well-developed Golgi apparatus could also be seen. The cytoplasm expanded into numerous and elongated processes interconnected with those of adjacent cells, thus creating an extended cellular framework. In some instances, numerous IRCs were found showing morphological signs of enhanced functional activity: abundant cytoplasm with conspicuous amounts of mitochondria, multiple Golgi stacks and numerous vesicles of smooth and rough endoplasmic reticulum. These organelles filled both the cell body and the cytoplasmic processes, now appearing quite thickened. These cells generally possessed irregular nuclear profiles (Fig. 5) . Both types of IRCs frequently established close contact with lymphoid cells (Figs 5,  6 ). Besides IRCs, several monocytes could be recognized (Fig. 4) . These cells showed all their wellknown ultrastructural features: the nucleus with small chromatin clumps preferentially condensed against the nuclear envelope and one or two nucleoli. The cytoplasm showed many free polyribosomes, some round mitochondria, a rather small Golgi apparatus, a few small cisternae of rough endoplasmic reticulum and sparse cytofilaments. Some primary lysosomes were often present near the Golgi zone. Monocytes were frequently seen in close contact with IRCs and lymphoid cells (Figs 4, 7) .
Other cells were found showing intermediate features between monocytes and IRCs (Fig. 8) . They possessed an oval or irregularly shaped nucleus in which a fibrous lamina was seldom observed; the cytoplasm contained a more extended Golgl apparatus and more numerous cisternae of rough endoplasmic reticulum compared to monocytes. A few profiles of smooth endoplasmic reticulum and primary lysosomes could also be seen. Owing to the presence of short cytoplasmic processes, these cells showed a roughly dendritic shape. Such transitional cells were frequently found closely apposed to IRCs and lymphoid cells.
In all the specimens examined there was a mixture of the aforementioned cells. Nevertheless, monocytes and monocyte-like dendritic cells were more frequently encountered in the earlier lesions (patches), characterized by a scarce perivascular infiltrate. On the other hand, typical IRCs prevailed in the more advanced lesions (plaques and nodules), with a conspicuous dermal infiltrate.
It should be stressed that Birbeck granules or similar bodies could not be recognized in any of the above cells. Furthermore, only monocytes and not LCs or phagocytic macrophages could be seen closely apposed to IRCs to form the cellular network. In the epidermis, numerous LCs were found. These cells commonly populated the upper spinous layers and showed all the well-known ultrastructural features (Fig. 9) : a dendritic shape, a lobated, euchromatinic nucleus and a wide cytoplasm containing several vesicles of rough and smooth endoplasmic reticulum, an extended Golgi apparatus and large numbers of Birbeck granules throughout the cytoplasm.
Monocytes with typical ultrastructural features were also found. These cells were usually located in the lower epidermal layers, but sometimes were seen just above the basal lamina. They tended to form characteristic inf oldings of the plasma membrane in which the thickenings and rectilinear profiles of the apposed membranes and the blobs at the inner end of the invaginations were strongly reminiscent of Bir beck granules ( Fig. 10 and Insert). Usually, monocytes were dispersed singly among keratinocytes and only rarely did they tend to form small clusters of 2-3 cells.
Monocyte-like cells with short cytoplasmic processes, plasma membrane invaginations and containing one or more Birbeck granules were also found in the lower epidermal layers (Fig. 11 and Insert).
In the spinous layer there were dendritic cells characterized by an irregularly-shaped nucleus with dispersed chromatin and fibrous lamina, and by a cytoplasm showing sparse cytofilaments, several profiles of rough endoplasmic reticulum and one or more Birbeck granules ( Fig. 12 and Insert).
Besides these cells, there were other cells with a striking increase in the number of organelles, especially endoplasmic reticulum and Golgi apparatus, and rather numerous Birbeck granules ( Fig. 13 and Insert). Plasma membrane invaginations could also be seen. In some cases these cells showed a lobated nucleus.
It should be pointed out that, in the many sections examined, no cells resembling dendritic dermal cells were seen across the basal lamina or just above it.
Despite the large number of IRCs and LCs encountered, none was found undergoing mitosis either in the dermis or in the epidermis. The absence of Birbeck granules in the cells of the IRC lineage and the lack of LCs passing through the basal lamina lead us to exclude the possibility that IRCs originate from LCs migrating from the epidermis.
On the other hand, in the epidermis, we observed mature LCs, usually present in the upper spinous layers, monocytes, generally located in the basal and suprabasal layers, and cells with intermediate features in the interposed layers. Moreover, the latter two cell types showed images suggestive of a phenomenon of the internalization of the plasma membrane eventually leading to the formation of Birbeck granules, as also reported by us in a parallel study in mycosis fungoides (BANI et al., 1988 b) and according to what has previously been described in fully differentiated LCs and in cells from histiocytosis X (HASHIMOTO and TARNOWSKY, 1968) . These findings support the origin of LCs as being from monocytes.
In accord with such a view, immunocytochemistry has revealed that a cell population exists in both the dermis and the epidermis expressing a CD11c+ CD1a-antigenic phenotype-judging from the fact that CD1a+cells are less numerous than CD11c+ ones in the same specimens. Furthermore, CD11c+ CD1a-cells were more frequently found in the lower epidermal layers. Therefore, it is conceivable that the CD11c+ CD1a-cell population corresponds, at least in part, to the ultrastructurally recognized monocytes, whereas the CD11c+ CD1a+ cells comprise the majority of mature IRCs and LCs, CD1a surface antigen probably being expressed during the differentiation process.
Our data also indicate that the cells of the IRC and LC lineage differentiate from monocytes in following two separate pathways in the two distinct tissue microenvironments, namely T-lymphoid for IRCs and epidermal for LCs. This could be explained by the influence of the local tissue microenvironment on the differentiation of IRCs and LCs. Indeed, the role of T-cells in inducing the formation of IRCs-possibly by the secretion of soluble substances-has been previously proposed (VEERMAN, 1974 , SCHRADER et al., 1984 and studies on the ontogeny of the lymph nodes indicate that only after the colonization by lymphoid cells of the primordium of the lymph node do IRCs appear (MUELLER-HERMELINK and KAISERL-ING, 1980) . The influence of the T-lymphoid microenvironment may also account for the previously reported finding that other fully differentiated monocyte-derived cells, such as LCs and phagocytic macrophages, may also be able to transform into IRCs after migration into the T-dependent areas of lymph nodes (RAUScH et al., 1977 , KAMPERDIJK et al., 1978 , BALFOUR et al., 1981 , HOEFSMITH et al., 1982 .
Concerning the LCs, the present findings and others relevant to the differentiation of LCs in normal human skin (BREATHNACH, 1977 , MURPHY et al., 1983 indicate that LCs located in the upper epidermal layers contain more Birbeck granules than those in the lower layers, thus suggesting that these cells acquire their complete morphological-and probably functional-characteristics only following their establishment in the epidermal microenvironment. This is further supported by previous reports that exposure to the epidermal microenvironment may also cause the transfomation of phagocytic macrophages migrated from the dermis into LCs provided with Birbeck granules and CD1a antigens (MURPHY et al., 1986) , and that LCs can usually be found in epidermoid metaplasia of the trachea and bladder, but not in the normal epithelia (WONG and BUCK, 1971 ).
In conclusion, it seems possible that a local tissue microenvironment is necessary for the acquisition by dendritic T-lymphocyte accessory cells of their specific morphological phenotype during differentiation.
